To alleviate the effect caused by the numerical dissipation of the second order upwind schemes in Detached-Eddy Simulation (DES), an improved second order hybrid scheme is established through modifying the dissipation term of the standard Roe's scheme and the numerical dissipation of the scheme can be self-adapted according to the flow field information. To validate the numerical method, DES of subsonic flow past the 65° swept delta wing is performed at high angle of attack on unstructured/hybrid meshes. Comparison with experimental data shows that the accuracy of the turbulence simulation is improved with the use of the hybrid scheme.
Introduction
Detached-eddy simulation (DES) is one kind of hybrid method with the goal of combining Large-eddy simulation (LES) with models for the Reynolds-Averaged Navier-Stokes (RANS) equations, and becomes increasingly popular in recent years. In practice, the upwind schemes were often chosen for the DES implementation. However, in the LES regions of DES the upwind schemes seem to be sub-optimal since they are commonly considered as "too dissipative" for LES [1] , especially the low order upwind schemes (lower than third order). On the other hand, only low order upwind schemes are available for unstructured grid-based computational fluid dynamics (CFD) algorithms in complex industry application due to technical difficulties. The objective of this work is to alleviate the effect caused by the numerical dissipation in the LES regions of DES, so an improved second order self-adaptive dissipation scheme for unstructured grids is proposed. The performance of the present scheme in turbulence simulation is then examined in detail from the DES of a 65° swept delta wing.
Numerical algorithm
The Navier-Stokes equations are discretized using the finite volume approach. The standard Roe's scheme is modified for the calculation of inviscid flux with a self-adaptive dissipation according to the flow field information. Following the idea of Bui [2] , the scheme is improved by introducing an dissipation adjusting function [3] into the standard Roe's flux-difference splitting scheme, which can be written as:
Here F is the inviscid numerical flux, F L and F R are the left and the right interpolation numerical flux of an interface, respectively, U L and U R denote the left and the right interpolation variables. σ is the dissipation adjusting function and also is the blending function in [3] , Ã is the Roe's matrix. The inviscid numerical flux F can be reinterpreted as the alternative form of a mixture numerical flux of the standard Roe's scheme and the central scheme, so it also can be considered a hybrid flux. The detailed form of the function σ can be found in [3] . It is expected that in the RANS mode regions, σ is close to its maximum value 1.0 to keep stability of the computation, while in the LES mode regions σ is close to zero to reduce the numerical dissipation. With the variation of the DES flow field, the value of σ will be adjusted with a self-adaption manner. The minimum value of σ is limited to 0.03 to guarantee stability of the scheme.
For the viscous flux, the central scheme is used. Time-derivatives are approximated with dual time stepping and subiterations [4, 5] .
The improved delayed detached eddy simulation (IDDES) model based on the Spalart-Allmaras (SA) background RANS model is adopted for the turbulence simulation and reads as follows:
Here is the working variable, t represents time, u j is a component of the velocity vector in the j-direction, Ω is the magnitude of vorticity, ν is the molecular viscosity, l IDDES is the IDDES length scale, which can be found in [6] . The detailed formulations of functions f t2 , f v2 , f w and constants C b1 , C b2 , C w1 , κ, σ can be found in Ref. [7] .
DES of subsonic flow past the 65° swept delta wing
The flow past a delta wing at high angle of attack is a typical case in fluid mechanics. So far, it's a great challenge for accurate prediction of vortex breakdown and massive separation at high Reynolds number for this kind of flow. Factors such as the turbulence model, numerical scheme and grid quality, will have a significant effect on the numerical simulation. In this paper, the 65° swept delta wing with sharp leading edge is adopted to validate the DES solver. The details of the model can be found in Ref. [8] . The grid is generated by the hybrid grids approach, containing a mixture of hexahedra, pyramids and tetrahedra. A close-up view of the hybrid grids in the near wall region is shown in Fig.1 . The total elements are about 5.27 million. In the computations, the angle of attack is 23°, where the unsteady vortex breakdown is the typical flow phenomenon. The Mach number is 0.4 and the Reynolds number is 6×10 6 based on the wing root chord length c r and the inflow velocity U ∞ . A non-dimensional time step of Δt = 0.001c r /U ∞ is used. Figure 2 shows the vortex structures visualized by instantaneous iso-surfaces of the Q-criterion. With the standard Roe's scheme, only the bubble type of vortex breakdown can be observed (see Fig.2 left) . With the hybrid scheme, there are two types of vortex breakdown, that is, the bubble type (Fig.2 middle) and the double spiral type (Fig.2  right) . The differences between the two solutions can be seen in more details in the pressure distributions shown in Fig.4 . Noting that the results by present hybrid scheme are much better than those by the standard Roe's scheme, comparing with the experimental data [8] . At x/c r = 0.6, the solution with the standard Roe's scheme shows a less compact and smeared-out vortex, which indicates a more upstream onset of vortex breakdown in the numerical calculations, while in the solution with hybrid scheme there is still a compact vortex and the onset of vortex breakdown is somewhere near x/c r = 0.8. 
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Conclusions
Through modifying the dissipation term of the standard Roe's scheme, an improved second order self-adaptive dissipation scheme is developed, and is used for DES of turbulent flow past the 65° swept delta wing based on hybrid grids. The results of simulations indicate that with the new scheme the issue of numerical dissipation in implementing DES can be alleviated, the vortex structures are better simulated, and the pressure distributions are more reasonable.
